Abstract: Agricultural greenhouse gases emissions are mainly produced in direct emissions from plant and animal production as well as those associated with land use changes. Agriculture is a major source of atmospheric nitrous oxide (N2O). N2O emissions from agricultural production has the source primarily in soil fertilized by mineral and organic fertilizers. In Poland, agricultural soils are responsible for 77.1% of emissions. Emissions associated with the animal manner farming amount 22.8%. Studies attempt to modeling and predicting of N2O emissions from Direct Soil Emissions in relation to the use of crops and livestock population. In the analysis an artificial neural networks were used. The best values showing the quality of neural regression model were obtained by multilayer perceptrons MLP. Based on the sensitivity analysis, attempts were taken to determine the extent of the contribution of each selected variables on the estimate of the direct emissions of N2O from agricultural soils. The sensitivity analysis of designed network on the structure MLP 9-4-1 shows that the amount of nitrogen fertilizer consumption has the biggest share in the shaping of N2O emissions from Direct Soil Emissions. The sensitivity analysis of network on the structure MLP 16-5-1 pointed to participate cattle and pigs as the most important in the formation of N2O emissions from Direct Soil Emissions. Among the crops in Poland, which may affect the release of N2O stands out rapeseed and rye. The study was conducted using the statistical package Statistica v. 10.0.
Introduction
Agriculture is a major source of atmospheric nitrous oxide (N 2 O) [1] , one of the three most important greenhouse gases [2] . In agriculture, its emissions have increased mainly due to increased efficiency of processes of nitrification and denitrification [3] [4] [5] [6] . Agricultural soils have been identified to contribute at present about 60% to the global anthropogenic nitrous oxide emissions [7] . Magnitude of N 2 O production depending significantly on the availability of N in the plant-soil system [8] . As a result direct and indirect emissions of N 2 O can be distinguished. Direct emission sources include: the use of nitrogen fertilizers, organic nitrogen emissions in animal faeces, land management and storage of sewage sludge. Indirect emissions come mainly from the evaporation of precipitation, surface runoff and leaching of nitrogen into groundwater and surface water [9, 10] . N 2 O emissions from agricultural production has the main source in soil fertilized by mineral and organic fertilizers [11, 12] . Since 1970, N 2 O emissions have grown mainly as a result of increased use of mineral fertilizers worldwide [13, 14] . Its consumption will continue to increase to meet the food requirements of the increasing world population [15, 16] .
In Poland, agricultural soils are responsible for 77.1% of emissions. Emissions associated with the animal manner farming amount 22.8%. The smallest share of N 2 O emissions comes from combustion plant residues -0.1% [17] . The total area of agricultural land in good agricultural condition was 83.3% in 2011, while it was accounted for 68.5% of the area under sowing. The structure was dominated by cereal crops -73.8% of the total sown area, 10.0% of the total crop area was occupied by industrial crops and 9.6% by fodder crops [18] .
Application of N fertilizers and animal production accounts for about 60% of the global N 2 O emissions from agriculture. Studies showed that emissions from animal waste can be significant [19] [20] [21] . Potential sources of N 2 O emissions from animal production are: animal emissions, emissions from animal waste, waste emissions from closed animals and emissions left on the soil during grazing [22] . Emissions released with the use of manure as a fertilizer (excluding emissions from grazing animals) are considered to be direct N 2 O emissions from agricultural soils [23] . Because of their content and availability of minerals natural fertilizers are an important yielding factor for plants [24] .
Changes in greenhouse gas emissions from agriculture, nitrous oxide among others, are dependent on many factors, including the of livestock population, the composition of the feed used, methods of fertilization and others [25] .
World applied models of NO x emissions from soils are used for the global inventory of N 2 O emissions, although none of them is used throughout the world [5] . Research should also take into account other parameters such as the climate, cultivation characteristics and other conditions prevailing in the specific country. All the information complementary to the knowledge in the field of emissions released from the agricultural sector is a valuable source of knowledge.
The aim of the study
The undertaken scientific problem has been resolved to formulate answers for the following questions: 
Methodology research
Using classical statistical methods is indicated at variable linear dependency. However, many phenomena are characterized by non-linear nature which precludes the possibility of the use of traditional methods. In such cases artificial neural networks can be applied. They combine a set of input variables with a set of output variables.
The study was conducted using the statistical package Statistica v. 10.0. Regression problems in the Statistica Neural Networks can be solved by various types of networks: multilayer perceptrons MLP, radial networks (Bayesian networks), regression networks and linear networks [26] . One of the well-known methods commonly used for network learning is algorithm of back-propagation errors [27] . The automatic designer of ANN is searching simultaneously many types of networks. The designer tries to maintain a balance between a network error and its diversity, what means he seeks to keep the representatives of different networks, despite the fact that they will not be the most perfect networks. The analyzed set was divided into three subsets (In scale: learning 2: validation 1: test 1). There were generated hundreds of neural networks with different numbers of neurons in the hidden layers, which were learnt by algorithm of back-propagation errors. Models have been tested and verified by the way "in back", consisting in the issue of forecasts by the network, which coincide with the real results. In the analyzed cases, models shall be considered as correct and suitable for forecasting parameters "forward" on the basis of set, new input variables.
Modeling was performed on the two sets of data. The first set of data included the following input variables: arable land and permanent crops, permanent meadows and pastures, nitrogen fertilizers use, and animal population: cattle, horses, pigs, sheeps, goats and poultry and the output variable direct N 2 O emissions from soils. The results of the sensitivity analysis indicating a high share of nitrogen fertilizers use (the main source) in N 2 O emissions and arable land and permanent crops have affected the shape of the emission of the second data set.
On the basis of the second model it was intended to analyze the extent to which the size of crops and livestock can shape the size of N 2 O emissions from Direct Soil Emissions. The second data set consisted of independent variables in the form of major crops in Poland: wheat, barley, triticale, rye, maize, sugar beet, rapeseed, oats, potatoes; also permanent meadows and permanent pasture, animal population as above and the dependent variable as a Direct Soil Emissions. Data (the last two decades) were obtained from databases: Food and Agriculture Organization of the United Nations (FAO) [28] , International Fertilizer Industry Association (IFA) [29] and the United Nations Framework Convention on Climate Change (UNFCCC) [30] .
The results of research
The best values showing the quality of neural regression model were obtained by multilayer perceptrons MLP. Based on the sensitivity analysis, attempts were taken to determine the extent of the contribution of each selected variables (input variables to the model) on the estimate of the direct emissions of N 2 O from agricultural soils (variable output). Hundreds of neural networks with different numbers of neurons in the hidden layers were tested.
Using the first set of data, the best prediction of the effectiveness obtained a three-layer MLP network with a 9-th neurons in the first layer, 4-th in the hidden layer and 1 output layer. Parameters which indicate the quality of the network are the prediction errors for a group of learning, testing and validation cases. Similar values for validation and testing errors testify that the network well generalizes acquired knowledge [31, 32] (Table 1) . On the basis of the sensitivity analysis it was found that for the forecasted N 2 O emissions the greatest impact has the amount of nitrogen fertilizer used and the smallest one -the goats population. A significant impact on emissions has cattle and horses population and the area of arable land. All input variables are significant (Table 2) . The real data were compared with the projected ones. Forecasted courses of changes of the variable coincide very closely with the actual data, which means a high model fit to the data (Fig. 1) .
Below predictive capabilities of model MLP 9-4-1 are presented. It was assumed theoretically the variability (reduction and growth) of nitrogen fertilizers used in subsequent years by 1%. In the second case study one has resigned from the variable of nitrogen fertilizer use (highly correlated with N 2 O emissions), and its impact on emissions has been attempted to estimate through the use of real crops. In place of the variable -arable land and permanent crops have been fixed by more important areas of harvest crops. Several hundred networks with the number of neurons in the hidden layers from 4 to 16 have been tested. The analysis of parameters has shown that the best network model was obtained for the MLP 16-5-1 (Table 3) . Carried out sensitivity analysis of network on the output variable indicates the importance of livestock, mainly cattle and pigs, and among the crops dominant importance have rapeseed and rye. Other input variables are also important. The smallest influence on N 2 O emission was observed for triticale and barley. A significant share in the production of N 2 O is cattle population [24] . The largest amount of nitrogen is released from the cattle faeces (dairy cows 70 kg/pcs/year, other cattle 50 kg/pcs/year) [33] . In the pigs case, this value is 20 kg/pcs/year and even though it is lower for the goats or horses, because of the size of pig production in Poland (eg pig approximately 14.860 million pcs, horses approximately 291 thousand pcs, goats approximately 122 thousand pcs), it remains very important. Significant rapeseed influence on the N 2 O emissions from Direct Soil Emissions may be found in requirements of the intensive fertilization. In Poland, mainly winter oilseed rape is grown. Among the agronomic factors determining the rapeseed yield, the nitrogen fertilization is the most important [34] . Oilseed rape has very high requirements for nutrients and fertilizers [35] and already in the autumn retrieves considerable amounts of nutrients, mainly nitrogen (50 kg N ha) and potassium (up to 70 kg K per hectare). Among the crops considered important significance was also achieved for rye. Its importance indicates the surface area. At the turn of a few decades, rye was the main grain cultivated in Poland. Its significance successively has decreased in recent years (Fig. 3) . Rye yielding potential takes place with a high mineral fertilizer, particularly nitrogen.
The use of the model to forecast indicates its high predictive capabilities, as evidenced by the coincide results with the real values (Fig. 4) . The selected neural model, based on previously acquired knowledge, has been used to predict the value of N 2 O, taking into account the most significant variable obtained by the sensitivity analysis. The sensitivity of variable of cattle is depicted by the forecast carried out (Fig. 5) . The assumed growth and decline of cattle stock by 1% in the following years and the impact on the output variable was observed. Predictions of N 2 O emissions showed that the increase in the number of cattle by 1% results in the increase of emissions in the initial years an average of about 1,100 Gg N 2 O emission in CO 2 equivalent, and in subsequent years of cattle increase to an average of about 2200 to even about 2350 Gg N 2 O emission in CO 2 equivalent in the last forecasted year. Other trends in shaping the N 2 O emissions were observed at the drop of cattle stock. With a decrease the reduction is observed but at a much slower rate and time-interval (Fig. 5) .
Conclusions
Artificial neural networks are currently one of the most dynamically developing branch of artificial intelligence. They are used to solve problems that standard algorithms cannot cope with. They have the capability to adapt to the generalization namely the ability of the neural network to the approximation of the value of a function of several variables.
The presented study developed hundreds of networks models, which have been verified. The coefficient values quality of learning networks entitle to determine that the designed networks (multilayer perceptron MLP structure 9-4-1 and 16-5-1) allow a prognosis and are an effective tool to predict direct N 2 O emissions from agricultural land on the basis of input variables implemented.
The sensitivity analysis of designed network on the structure MLP 9-4-1 shows that the amount of nitrogen fertilizer consumption has the biggest share in the shaping of N 2 O emissions from Direct Soil Emissions.
The sensitivity analysis of network on the structure MLP 16-5-1 pointed to participate cattle and pigs as the most important in the formation of N 2 O emissions from Direct Soil Emissions. Among the crops in Poland, which may affect the release of N 2 O stands out rapeseed and rye.
